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INTRODUCTION 

Oils and tars are among the major coalgasification by-products having 
potentially adverse health and environmental consequences. The production of oils and 
tars during gasification, pyrolysis, and hydropyrolysis is related to the initial coal 
devolatilization reactions. The yield has been shown to vary with temperature, pressure, 
residence time, gadsolid contact, gaseous environment, and presence of catalytic 
surfaces. Further, coalgasification oils and tars have been shown to contain toxic 
chemicals, including polynuclear aromatic amines and hydrocarbons [l-41. A compre- 
hensive report of an extensive study relating process conditions to chemical and 
toxicological characteristics of coalgasification oils and tars has been published [SI. A 
summary of some of the results and important findings is presented here. 

EXPERIMENTAL 

Experiments were conducted in a Z-Ib/hr entrained-flow reactor operated by the 
Mellon Institute, in close cooperation with Environmental Research and Technology, Inc. 
The samples were analyzed by Argonne National Laboratory. Forty-nine successful runs 
of the reactor covered the following conditions: (a) reactor temperatures = 6OO0C, 
800°C, and 1000°C; (b) gas-phase residence times = 0.2 s and 1.3 s; (c) reactor pressures 
= 3 atm and 10 atm; (d) reactant gases = He, H2, C 0 2 ,  and steam: and (e) coal types = 
lignite and subbituminous coal. The organic by-products were trapped by means of three 
successive traps, and the trapped condensates were combined in proportion to the 
amounts produced. The combined oil/tar samples were then analyzed for organic 
compounds using computer-controlled, fused-silica, capillary-column gas chromatography 
(GC) (Hewlett-Packard 5880A). The aromatic relative retention index (RRI) [5,6] and the 
concentration of each peak were calculated and printed using custom software. CC/mass 
spectrometry (GC/MS) was used as necessary to confirm that the correct name was 
assigned to each RRI. 

The Ames mutagenicity of the heavy tar trap samples was measured using the 
Ames assay (Salmonella TA98 strain with S-9 activation) [51. All process conditions and 
chemical and toxicological data were entered into a mainframe computer, where the 
data were analyzed with great ease and flexibility by applying statistical analysis 
routines (CMS/SAS). 
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RESULTS AND DISCUSSION 

The chemical composition of the combined oil/tar samples (Fig. l), varied 
considerably, but the samples consisted mainly of aromatic compounds of one to four 
rings (Fig. 2). Therefore, the combined oil/tar samples were monitored routinely by RRI- 
GC for 62 chemicals, mainly one- to four-ring aromatic hydrocarbons (ranging from 
benzene to chrysene), and certain phenols and naphthols, acetophenone. indole, 
benzothiophene, benzofurans, and dibenzofuran. 

In general, the most important of the process variables affecting chemical 
composition and mutagenicity w a s  temperature. As seen in Fig. 1, the 1000°C-run 
samples were simpler mixtures in which phenols were absent and the level of alkylation 
was  m u c h  reduced (Fig. 3). The amount of chromatographable material in these samples 
was very high. The mutagenicity of the heavy tar trap samples from the 1000°C runs 
was moderate (Fig. 4). Because the 600°C-run mixtures were much more complex, an 
additional 44 chemicals were monitored for several of these samples. The amount of 
phenols was high, and more polar and higher molecular weight materials were present, 
making the amount of nonchromatographable material higher. However, the muta- 
genicity associated with the 600°C-run heavy tar trap samples was very low. The 800°C- 
run combined oil/tar samples had both of the above characteristics -- a clearly higher 
degree of alkylation, intermediate chromatographability, and high mutagenicity (Fig. 4). 

CONCLUSIONS 

The results of this study suggest that changes in coal devolatilization conditions 
can significantly alter the chemical composition and toxicological properties of by- 
product oils and tars. The results also emphasize the importance of computer-assisted 
chromatographic analysis and data handling. Further, information of this kind is very 
useful in helping managers and engineers to design and build energy efficient and 
environmentally acceptable coal-conversion facilities. 
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FIGURE 4 Mutagen Formation in Coal &volatilization (calculated 
from dose response mutagenicity measurements) 
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